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10	 Remarks on the Flora of Caithness.

son who was attracted by its rounded appearance, and so slight was its
attachment to the trunk, that he knocked it offWith a stroke of the hand.
It appears to me to have been formed at the root of a branch which had
died, with the exception perhaps of a small portion of the new wood and
bark close to its origin from the trunk. From this part the new wood
continued to be gradually deposited in many a twisted fold, covering the
inequalities of the branch, and forming at last a shell or case enclosing
the remains of the branch which had been broken off, and left only a
small portion projecting from the boll of the tree, and the process of
decomposition had gone on until nearly a complete covering was formed.
Had it continued for a little longer time, the branch would have been
healed by the remains of the branch being entirely covered over with the
new wood. Part of the dead branch remains in the cavity of the knot ;
unfortunately, however, it has been in a great measure cut out by the
knife."

Mr Keddie sent a specimen of Hyssopus officinalis from the walls of
the old church of Killearn.

Mr William Ramsay M'Nab exhibited specimens of Goodyera repots
from Banffshire.

13th December 1860.—Professor BALFOUR, Vice-President,
in the Chair.

The following gentlemen were elected office-bearers for
1860-61 :—

President.
WILLIAM H. Low; M.D. F.R.S.E.

Vice-Presidents.
	WILLIAM SELLER, M.D.	 Professor ALLMA.N.

Professor BALFOUR.	 1 ALEXANDER DICKSON, M.D.

Council.
FINDLAY ANDERSON.

	 W. A. F. BROWNE, M.D.

A. J. MACFARLAN.
	 JAS. M'BAIN, M.D., R.N.

JOHN M. HUNTER.
	 HUGH CLEGUORN, M.D.

	RICHARD PARNELL, M.D
	

DYCK DUCKWORTH.
T. C. ARCHER.
	 WILLIAM GORRIE.

Honorary Secretary 	
Foreign Secretary 	

	Auditor . . ... . ... . ... . . . . . . . . 	

	

Treasurer . . ... .. . .. . . ...... 	
Artist . . .. . .. . ... . .. . ... . . . . 	

	Curator . . • .. . ..... .. . . . . .. . 	
Assistant- Secretary and
Assistant Curator

ROBERT KAYE GREVILLE, LL.D.
A. DOUGLAS MACLAGAN, M.D.

..WILLIAM BRAND, W.S.
...PATRICK NEILL FRASER.
..NEIL STEWART.

.. JOHN CLELAND, M,D.

...JOHN SADLER.
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Donations to Library.	 11

The following gentlemen were duly elected members of
the Society :—

As Resident Fellows.

1. ROBERT BROWN. Esq.
2. THOMAS THYNE, Esq.
3. WILLIAM JONES, Esq.

As Non-Resident Fellows.
1. Rev. JAMES FARQUHARSON, Selkirk.
2. JAMES HECTOR, M.D., London.
3. WALTER ELLIOT, F.L.S., Wolflee, Hawick.

As Honorary Members.
1. Sir WILLIAM JACKSON HOOKER, K.H., D.C.L. Oxon., LL D.,

F.R.S., F.L.S., Director of the Royal Botanic Garden at Kew.
2. JOHN LINDLEY, Ph.D., F.R.S., F.L.S.

As Associate.
FRANCIS APPAVOO, Surgeon, Madras.

The following donations to the Society's Library were
laid on the table :-

On New Forms of Actinometers, by Charles J. Burnett.—From
the Author.

Notes on the Presence of Animal Life at vast depths in the
sea, with Observations on the Nature of the Sea-bed, as bearing
on Submarine Telegraphy, by G. C. Wallich, M.D., naturalist to
the expedition despatched in 1860, under command of Sir Leo-
pold M'Clintock, to survey the proposed North Atlantic Tele-
graph route between Great Britain and America.—From the
Author.

Description of the Plant which produces the Ordeal Bean of
Calabar, by Professor Balfour.—From the Author.

Description of the Asafwtida Plants, which have recently borne
flowers and fruit in the Royal Botanic Garden, Edinburgh, by
Professor Balfour.—From the Author.

The Genus Impatiens, Description of New Species from the
Anamallay Hills, by Lieutenant R. H. Beddome.—From the
Author.

Report on the Vegetable Products of the Pulney Hills, by
Lieutenant R. H. Beddome, Madras.—From the Author.

Report on the Government Botanical Garden, Utakamund, for
1858-59.—From Dr Cleghorn, Madras.

The following donations to the University Herbarium
were announced :—
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12 Donations to Herbarium and Museum.

From Dr George Lawson, Professor of Natural History and
Chemistry, Kingston, Canada-West--A Collection of Canadian
Plants.

From Professor Walker Arnott, Glasgow—Specimen of Hype-
ricum datum from Ireland.

The following donations to the Museum at the Botanic
Garden were noticed :—

From Messrs Backhouse, nurserymen, York—Stems of Tree-
ferns—C yathea elegans, from Mauritius, and Dicksonia arbore-
scens, from St Helena.

George Jackson, Esq., Kingston, Surrey—Capsule of a species
of Lecythis or Monkey Pot.

Messrs P. Lawson and Son—Wax Model of the root of Dioscorea
Batatas.

Edward Chancellor, Esq., W. S.—Cone of Cunninghamia lanceo-
lata, taken from a tree between 20 and 30 feet high, on Isola
Bella, in the Lago Maggiore.

Archibald Hewan, Esq., surgeon, Old Calabar—Specimen of a
twisted stem of a twining Bauhinia.

Professor Goodsir—Specimen of Stem, showing peculiar splitting
and union of parts, also a twisted branch exhibiting a kind of
natural grafting.

P. S. Robertson, Esq , Trinity Nursery—Berries of Juniperus
communis (raised from Scotch seed), also a beautiful cone of Arau-
caria imbricata from Valparaiso.

Dr H. Cleghorn, Madras—Wood of Dalbergia latifolia (Mala-
bar rosewood) ; Wood of Murraya exotica, used for wood engrav-
ing ; Wood of Sonneratia acida from Amherst, used by entomolo-
gists in place of cork ; Wood of Morinda tinctoria, used as a
yellow dye ; Gum from a common species of Indian Euphorbia ;
Oleum Citronella, manufactured from Andropogon citratus, an oil
much used as an embrocation in lumbago ; Shirt Studs made of
the sculptured fruit of Elocarpus Ganitrus ; Fruit of Cerbera
Odollam ; Fruit of Hydnocarpus inebrians ; Aculei of Xanthoxylon
Rhetsa ; Gum of Canarium strictum (black Dammar) ; Gum of
Canarium, sp. ; Bamboo Comb, used by the Kader women in the
Anamallay Mountains, South India ; Photograph of Yucca glo-
riosa ; also numerous seeds from Madras.

Mr Reid, Manager of the Edinburgh and Leith Gas Company—
Portion of an old Edinburgh wooden waterpipe, in excellent pre-
servation, dug up during the excavations recently made for laying
large gas pipes.

S. J. Meintjes, jun., Esq.—Apparatus for illustrating the move-
ments of Diatoms.
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On Terminal Fructification in the Simple Plant. 13

Dr Balfour noticed the death of Dr J. Fredrich Klotzsch, keeper
of the Royal Herbarium at Berlin, a foreign member of the So-
ciety.

Dr W. H. Lowe, President, having taken the chair, the
following communications were read :-

I. The Theory of Terminal Fructification in the Simple
Plant, of Ouules and Pollen, and of Spores. By Dr
MACVICAR, Moffat.

It is generally admitted, and indeed is obvious to every ob-
server, that symmetry prevails to a great extent in the forms
at once of the mineral, the vegetable, and the animal king-
dom. Nay, it manifests itself most beautifully in the forms
and orbits of the heavenly bodies, and in the phenomena of
light and colours ; and in a word, symmetry, makes its appa-
rition, more or less, everywhere. But to this, it must be con-
fessed, that there sometimes seem at least to be remarkable
exceptions, and that, too, where one would naturally ex-
pect symmetry most to prevail. Of these one of the most
striking is this, that in a simple plant, a plant with a single
axis, the fructification is always terminal, so that, morpho-
logically viewed, the fully developed plant presents its axis to
us as terminated by the ugly root at one extremity, or pole,
and by the beautiful inflorescence at the other—an arrange-
ment in which all symmetry seems set at defiance. Now,
why is this ? Why are the flower and fruit always produced
at the upper extremity of the stem, a position which (besides
its disregard of symmetry) can be reached only after the
plant has survived all accidents till near the close of life, and
when one would suppose that its vital energy must be nearly
exhausted, and the plant consequently little fitted for accom-
plishing this, which is nevertheless the most critical and the
most important function of animated nature ?

The only explanation which I have seen of this pheno-
menon, and others of a similar nature, consists in references
to the condition of vegetable life at different periods of growth,
these being again referred to the season of the year, or some
external influence. But it is precisely the condition of vege-
table life at different periods of growth which is wanted to be
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14 Dr Macvicar on the Theory of

explained. Life, at every epoch in the development of the
plant, is no doubt always co-ordinate with the work which
it has to do at the time, alway adequate to accomplish the
development proper to that epoch, if the environments of the
plant fulfil their part. But this fact does not explain why the
development of the plant is what it is, and not otherwise.
The insufficiency of such a view, as also its plausibility, is, I
think, well shown by the point in hand.

The terminal position of the fructification, it is said, is owing
to the exhaustion of the vital energy of the plant, and the flower
is, notwithstanding its beauty, the expression of exhausted
energy. And in favour of this view it is, moreover, argued,
with seeming cogency, that when the branch of a fruit-tree is
injured, or a plant made to grow in a poor soil, it gives flower-
buds, whereas if it had been left free from injury, or had
been grown in a rich soil, it would have given leaf -buds only.
And the entire explanation is closed by an appeal to what is
indeed a beautiful provision in the economy of nature, viz.,
that when the life of the individual is in danger, an effort is
made to develop the reproductive apparatus, so as to secure
the life of the species, should the individual perish. Now,
such an explanation seems to have everything in its favour.
At first sight it seems wholly satisfactory. But it is only at
first sight. Many things soon present themselves which are
against it. Thus in the higher regions of the animal king-
dom, those which are analogous to the region of flowering
plants in the vegetable kingdom, it is found that the repro-
ductive apparatus attaches to the period of highest physical
power and earliest maturity of form. In all the more per-
fect animals, the appearance of the reproductive organs in
force rather anticipates the epoch of the complete develop-
ment of the individual form than lags behind it till the close
of life, when the vital energy is expiring, as it is said to do
in reference to flowering plants. And this, too, although the
organs of reproduction in animals are of very humble preten-
sions compared with many of their other organs, and such that
it seems as if they might easily be developed at any time,
however late in life, while those of plants, on the other hand—
their blossoms—are so elaborate and beautiful, that they are
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Terminal Fructification in the Simple Plant. 15

judged by every unsophisticated observer to be the most ex-
quisite products of vegetable nature, and certainly everything
about them points to the inference that, instead of being pro-
ducts of an exhausted system, vegetation culminates towards
their production, and bestows its highest energies in their
development. It is, indeed, true that in many of the lower
animals (as is familiarly exhibited by the silkworm, for in-
stance), the reproductive power does not appear until the
individual has gone through all the phases of its existence,
and, as may be said, has nothing else left for it to do but to
die. But it were more cogent in this case to say that the
reproductive apparatus does not make its appearance till the
moth appears, because it is necessary that the individual
should complete its metamorphoses, and attain its full de-
velopment, before it is allowed to proceed to the formation of
embryos, whose part is to develop and reproduce all these
metamorphoses. That the appearance of the reproductive
apparatus at the time referred to cannot be ascribed to ex-
hausted life, is clearly proved by this, that if that apparatus
be not allowed to discharge its function, the life of the indi-
vidual will be indefinitely postponed — postponed till the
ungenial influence of external agencies force it to die. In
such cases, in fact, as in all others of the same order, it were
nearer the truth to say that the highest flow of life and of
the organism is bestowed in developing the reproductive ap-
paratus, and that in this apparatus vital energy is in a peculiar
manner stored up, rather than to regard the development of that
apparatus as an evidence and a product of exhausted energy.

As to the beautiful fact invoked above to sanction the
theory of exhaustion—viz., that injury or deficient nourish-
ment tends, in vegetable nature, to give flower-buds instead
of leaf-buds—this fact, when scientifically interpreted, merely
affirms that when a plant or tree is hurt or starved where it is
now growing, so that it would be improvident to increase its
bulk in that place, the buds, which, had the plant been in
health, and in a rich soil, would have given indefinite
branches, or an extension of the individual (for a leaf-bud is
an indefinite branch-bud), are so - modified as to bring the
branches to a close ; for such is the undoubted function of
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16 Dr Macvicar on the Theory of

flower-buds. In other words, the formation of flower-buds
instead of leaf-buds, in the circumstances described, only shows
that the circumstances of injury and starvation are met, on the
part of the vegetable economy, by an arrest of the individual
thus exposed to hurt and hunger. That this arrest should
secure also the development of that apparatus by which the in-
dividual plant may change its locality, or, as is commonly said,
by which a future individual may be provided, and . the species
preserved, and the end of locomotion attained where the
faculty is not bestowed by the gift of limbs, is indeed an ex-
ample of that wisdom and goodness which underlie all nature,
and bespeak its origin ; but that wisdom is never manifested
in resorting to expedients to prevent worse, as we, through
our weakness, are so often obliged to do. In Nature, all is
manifestation of Divine law, not only in its final, but also in
its formal and its physical cause. Let it be granted that, to
account for the appearance of the reproductive organs in plants
when their life is threatened or nearly over, the final cause
has been rightly assigned when it has been shown that, by
this arrangement, the race is saved when the individual
perishes, still the formal, the physical cause remains to be
discovered. The doctrine of exhaustion will not do.

I now proceed to give another explanation, which to me at
least seems satisfactory, because it both accounts for the ter-
minal inflorescence, and refers this phenomenon to a general
law, a law of acknowledged dominion in Nature, and in fact
the foster-mother of her whole economy, and of the entire
life and development of the plant. I am bent on showing that
a terminal position in the fructification of a simple plant
exists not in contradiction but in fulfilment of that grand
morphological law, with the statement of which this commu-
nication opened, and which has been already admitted as
paramount in scientific botany. I maintain, that in a plant with
a simple axis, the fructification is the last and the uppermost
part to appear on that axis, because the grand law of symmetry
requires that it should be so.

And here it is necessary for us to make some remarks upon
the properties of natural axes and their structure; for the plant
is an axis with its appendages ; this is its authorised definition
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Terminal Fructification in the Simple Plant. 	 17

and that not in a merely geometrical, but in a physical, a dy-
namical sense. M. Auguste St Hilaire closes the first para-
graph of his truly philosophical " Morphologic Vegetal" with
this remark, " Nous concevons done, des le premier instant
que le vegetal soumis a une sorte de polarite, se compose de
deux systemes, l'une descendant ou souterrain, l'autre aerien
ou ascendant." The definition of a plant as an axis with its
appendages, is in fact a very happy one ; for the term " axis"
in physics is a very comprehensive one, and may be extended
with much advantage to natural history. If it be asked, what
is meant by axis in this large sense, it may be said that it is
that eminent region in the individualised object, whether
magnet, galvanic apparatus, crystal, plant, or animal, to which
the other parts are naturally referred in morphological pro-
jection, and of which the most highly endowed parts are the
two ends or poles, which are always either homologous
or antilogous in their modes of action, and such that the
axis as to form may be said to be homopolar or heteropolar.
As an illustration of the former sort, the homopolar axis, a
crystal of common quartz may be instanced, which, when
complete, usually consists of a six-sided prism, terminated at
each end by a six-sided pyramid, both pyramids being similar
to each other. And to produce such crystals, whose axes have
poles similar and symmetrical, is obviously the end and aim
of crystalline nature. Sometimes, however, the two poles of a
crystal are dissimilar to each other, as in tourmaline, &c. Now
the latter have heteropolar axes, and in reference to such it is
well known that their poles may often be made to display powers
and activities which cannot be awoke in symmetrical crystals.
And of these powers and activities it is to be remarked that
they are complementary or consecutive to each other, that is,
they tend in the same direction, so that what moves in at one
pole moves out at the other, what enters or is attracted by
one pole is sent away in the same direction or repelled by the
other. And it were easy to show that this implies that hetero-
polar axes, if within the sphere of each other's action, cannot
be permanent in nature. But they must be abundant. Thus,
in consequence of the opposing directions of gravity acting
from beneath, and of light and heat acting from above, while

TRANS. BON. SOC., VOL. Vii.
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18 Dr Macvicar on the Theory of

electric currents are circulating variously on the earth's crust,
a homopolar, a perfectly symmetrical axis, can seldom be
reached. And when, as in the case of plants, the axis is
slowly developed by the accretion of fluid particles under
very dissimilar conditions of existence at the two poles, per-
fect similarity in both poles is plainly not to be looked for.
In order to this, a greater degree of homogeneity, both in the
material and the environments of the axis, would be required.
Even crystals, if they be implanted, have poles which are
entirely dissimilar. It is only when they are imbedded or
suspended in a uniform medium that an identity in their
poles is attained. This identity, however, in reference to
every axis, we are to regard as the limit which nature aims
at ; and every axis, as soon as it has made the nearest ap-
proach to similarity in its two poles which is possible in the
conditions of its existence, has completed the cycle of its
activities.

The mode in which this is accomplished may be con-
ceived by taking in illustration an artificial axis with whose
intimate structure we are acquainted, as for instance a sand-
glass, one of its ends filled with a fluid of one density, its
other with a fluid of another density—syrup and water, or
carbonic acid and common air, or the like. Thus formed
and filled, such a piece of apparatus represents a hetero-
polar axis, one-half of pole syrup, the other water, or one car-
bonic acid, the other common air. But leave it to itself a
little, the course of nature begins to take effect upon it ; pare
titles of the matter constituting the one pole begin to leave
that region, and to pass into the other pole, and so on, though
with decreasing rapidity, until both poles are assimilated to
each other, and the symmetry of every morsel and group of
molecules throughout the whole is complete. But this limit
attained, all action ceases. In this case the material of
which the axis consists being fluid, we obtain no information
as to the ultimate forms which both poles would otherwise
assume. But we may yet once more repeat that the limit is
identity in both (which, however, it might be shown, could only
be realized when the axis was resolved into a sphere). With
regard to the plant-axis, its construction receives but little
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Terminal Fructification in the Simple Plant. 19

illustration from the apparatus which has been imagined, and
which is indeed very rude and vague for any purpose. Though
the plant-axis is, like it, the product of fluids which are dis-
similar to each other, and which flow in opposite directions, yet
they are not, like it, supplied in limited quantity ; they are also
very dissimilar ; and altogether, notwithstanding the abstract
demands of the law of symmetry, we can only expect that the
aerial part or pole of the plant-axis, and the terrene part or
pole, shall continue to be permanently dissimilar to each other.
But if so, the growth and development of the plant, both up-
wards and downwards, is secured, so far as the typical form of
the species will permit ; for it is upon the existence and main-
tenance of this dissimilarity that growth and development,
and indeed all vital action, depend.

Let us not conclude, however, that these two parts, the terrene
and the aerial, are more dissimilar than they really are. Let
us see to what extent symmetry or similarity is ultimately estab-
lished between them. In this way we shall reach the theory of
the terminal fructification in a simple plant, and much besides.
Taking the case, then, of a fully developed, simple, though
typical plant, and regarding it as an organism which is ap-
pointed to grow between the earth and the air, and by material
supplied by both, so as to unite, as far as possible, these dis-
similar elements on their mutual confines,* let us examine it
in reference to the general structure of its opposite regions,
and their relations to each other in point of symmetry and
similarity, the grand end of natural development, the first
consideration in general morphology. And let us first direct
our attention to the terrene pole or part, and that in situ, in
the soil where it has grown, and with which, while alive it-
self, it is virtually, if not organically, connected. Here, then,
we find a root, and in the earth around that root a supply of
free or discrete particles of unknown structure, but of such a
nature that they tend to enter the plant, to become part and
parcel of it, and to minister to its development. The root we
also find to be furnished with organs or parts, adapted to
receive or suck in those discrete particles, these organs or

* See a paper by the author, on " Vegetable Morphology," read before the
Society, July 12, 1860.
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20 Dr Macvicar on the Theory of

parts at the same time taking the lead in forming the root,
and therefore in fixing the plant, and in diffusing the concreted
air-particles of which a plant mainly consists in the earth.
These receiving, absorptive, root-terminating, and root-forming
parts or organs, have been named spongioles. Some vege-
table anatomists have treated them with high consideration
as individualised organs on the roots ; while others have shown
a disposition to neglect them altogether. It is certain, how-
ever, that they ought not to be neglected, because it is on their
presence and action that the typical plant mainly depends for
its life and development. And though we may regard the
spongioles as nothing else but the advancing parts of rootlets
immediately behind their tips, yet their cellular texture, their
absorptive power, and their annual character and relationship
to the leaves as their product, stamp them as a special appara-
tus of great interest and importance. They may, at all events,
be described in such terms as the following :—Spongioles are
productions of the lower extremity of a plant, developed and
nourished by the rootlets on which they appear—that is
(adopting language already in use, in reference to a case
which will be presently shown to be analogous), spongioles have
the fibrils which they terminate as their funiculi. They are
also cellular bodies, eminently absorptive of certain discrete
particles, which are presented to them in the medium around,
and that for the purpose of the further organisation, the
future growth and development, of the plant which they ter-
minate beneath. With regard to the form of the root, or ter-
rene pole of the plant axis, it displays, as might be expected,
a very defective symmetry, partly because it is developed in
seclusion from the light, which is the grand symmetrising
agent in nature, and partly because it has to form itself in a
dense and irregularly resisting medium, through which it
must press onwards in those directions where it meets with
least resistance, whether they be symmetrically related to each
other or not. Still, with regard to the symmetry of roots, it
has been noted by botanists that there are two principal
classes of forms, and these (if, as is necessary when their
forms are to be criticised, we limit their sphere by some de-
finite periphery—as, for instance, that of a flowerpot) are
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Terminal Fructification in the Simple Plant. 21

such, that the one class is accurately described as central,

and the other as parietal. The root in one class, in fact,
shows a tendency to maintain its unity and form as far as
possible, a simple continuation of the aerial axis. It forms
a tap-root, the radix stirpata, and is properly designated as
central. In other species, on the other hand, the root soon
becomes multiple, and parts from the line of the axis as soon
as it is underground. It tends to spread and radiate while it
seeks downwards, and thus to line the walls of the containing
vessel. It forms the radix multiceps, or composita, and may
be justly conceived as parietal.

Now, such being the termination of the terrene part of the
plant-axis—such the structure and function of the nether pole,
the law of symmetry calls upon us to expect that the growth
of the upper part of the plant, the aerial pole, will culminate
towards the development of an organism of the same order. In
media so dissimilar, both in mechanical condition and chemical
composition, as the earth and the air, in which the terrene and
the aerial parts of the plant are respectively developed, we are
not indeed to look for a mere repetition of parts similar in
form, but we are called upon to look for deep-seated resem-
blances between them. And accordingly, on the aerial sum-
mit of the plant-axis, when it has attained its full develop-
ment, what do we find but certain cellular absorptive parts or
organs terminating that axis, nay, usually seeking downwards,
and ultimately destined for entering the earth, thus bent on
imitating those on the lower end of the plant-axis which are
in the earth already 1 Such are the ovules ! That they repeat
the spongioles is clear. They are developed as the termi-
nations of certain filamentary prolongations or fibrils of the
upper extremity of the axis by which they are nourished, just
as the spongioles are by the fibrils of the root which they ter-
minate. Moreover, these nourishing fibrils (or placenta and
funiculi, as they are here designated) are already classified as
central or parietal, as we have found that the fibrils of roots
might justly be.

But what invests the ovule-papilla, when compared with the
spongiole-papilla, with chief interest, and invests our theory
with importance, is the relation of both with regard to the
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22 Dr Macvicar on the Theory of

function of absorption. That the ovule is no less truly an ab-
sorptive organ than the spongiole, is clearly proved, not only
by the way in which it is speedily clothed by integuments,
but by the urgency with which the pollen seeks to it and
penetrates it. And this wonderful function, which is other-
wise quite a mystery, our theory fully explains.

Nor is this all. Our theory also explains why the parts of
the inflorescence generally, and the ovule when it has accom-
plished its function as an absorptive organ, and is matured as
a seed, are thrown off from the parent plant. Thus, in conse-
quence of conditions of existence which have been stated, the
aerial and the terrene poles of the plant-axis must always be
unlike each other. The plant-axis must be a heteropolar axis,
and the action of the two poles antilogous, like those of a mag-
net or a crystal of tourmaline. If one pole be generally attrac-
tive, the other must be generally repulsive. Now, the terrene
pole, the root, is generally attractive. The plant grows mainly
by the entrance into the root and the ascent of nutritious
particles found in the surrounding soil. The corresponding
pole, therefore, the aerial part of the plant generally, must be
repulsive of the matter thus acquired ; it must tend to detach,
discharge, scatter, now pollen, now petals, now foliage, now
fruits. As to the last, inasmuch as they contain matured
ovules, which are the representatives of the spongioles, which
are terrene organs, producers of roots, so are they the last to
be discharged and dissipated, which, when they are, their ovules
seek the earth, and in due time produce roots themselves, and
whatever else follows thereafter.

Botanists hitherto have indeed been generally contented to
regard the ovules merely as buds ; and no doubt, this is true,
so far as it goes. But it goes only a very short way to explain
the peculiar character and functions of ovules. The fact is,
that everything that is capable of development may be said to
be a bud. Thus, a spongiole is a rootlet-bud. And if it be
true that ovules sometimes give leaves like true buds, so also
do spongioles, as shown in the experiments of Duhamel, and
as happens sometimes in the course of nature. But the
theory that the ovule is merely a bud is quite inadequate.
Buds are not naked homogeneous absorptive organs, as ovules
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Terminal Fructification in the Simple Plant. 23

are. Buds are not dependent for their development on an
organ absorbed into them from without, as ovules are. The
connection of buds with the parts which produce them is nor-
mally permanent, that of ovules is normally temporary. Buds
normally tend upwards, ovules generally downwards. As well
may any little concretion of cellular tissue all over the plant
be called a bud, for any such eddy of the organism may, under
the requisite conditions, develop like a bud. The bud theory
of ovules must therefore be admitted to be inadequate.

But is the apparition of absorptive organs on the aerial pole
of the plant-axis, is the absorptive character of ovules, merely
a homage to the law of symmetry l That absorptive organs
on the terrene pole are of essential service, we have fully seen.
And it were therefore not an unauthorised notion td affirm that
the repetition of them on the other pole is merely as a product
of the law of symmetry, though they were not of any special use
there. The philosophic naturalist must always hold himself
ready to admit the dominion of general laws, given for the
good and the grandeur of the whole, however seemingly useless
or even cumbrous their products may be to an individual here
or there. In this case, however, we are not required to do
this homage to the supremacy of law. We are invited, on the
other hand, to observe one of those beautiful adaptations of
structure and transformations of function appointed to meet
changes in the conditions of existence, to which the exuberant
variety of nature is owing.

The law of symmetry, the principle of repetition, reproduc-
tion, rejuvenescence, has been carried farther than merely to
give absorptive papillae above ground terminating placentae
and funiculi, to represent the absorptive papillae terminating
rootlets ; and in being carried farther, it has rendered organs
which would otherwise have been merely homologous, emi-
nently useful also.

Thus we found that the very first condition of the existence
and development of the typical plant is, that there should be
supplied in the surrounding medium, the earth, and be brought
into contact with the absorptive organs of the root, certain
minute discrete particles ; indiscernible from the dust among
which they are mingled, but of such a nature, that they offer
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24 Dr Macvicar on the Theory of

themselves to the spongioles for absorption, and being ab-
sorbed, minister to the existence of the individual plant which
absorbs them ; so that, if the earth were transparent as the
air is, while those nutritive particles were opaque, what we
should see around the root of a growing plant would be a mist,
a cloud, a maze, a dance (if the medium admitted of their free
motion), of little particles of a peculiar and to the existing
plant of a most serviceable kind. Now, nothing short of a
very wonderful repetition of this environment of the root,
the terrene pole of the plant, this environment which imparts
to the plant its standing in nature, and indeed secures to it its
name of plant, the law of symmetry enables the aerial pole of
the-plant-axis to accomplish likewise, and thereby to provide
for the existence of a future plant. As the plant begins its
life in the dust of the earth, and has for its first and lowest
function to absorb and take it in, so has it for its last and
highest function to form dust, and to give it off into the air.
The poles of the plant-axis being heterologous, the motions be-
longing to them must be consecutive : if the one take in, the
other must give off. In wheat-fields at sunrise, in genial
climates, the ears when in flower are wrapt in a stratum of
dust to which they themselves give birth. A shower of rain
falling through a pine forest in flower brings down with it a
shower of dust, which afterwards lies on the ground like
flowers of sulphur. Let a branch, when in flower, of the com-
mon yew or savin be shaken, it is forthwith wholly wrapt in a
cloud of seeming smoke. The white of the lily is soiled by
the coloured dust which the flower itself produces—so abundant
is the quantity of discrete particles which the plant, as its ulti-
mate function, produces and gives off into the ambient medium.
If then the earth were as transparent as the air, and the nu-
tritious particles around the roots of plants as opaque as pollen,
what we should see around the poles of the plant-axis, both
terrene and aerial, when that plant-axis is fully developed,
would be a system of discrete particles offering themselves
at both extremes for absorption to the absorptive organs, by
which both poles of the plant-axis are terminated. The law
of symmetry is not, like the botanist, content with the plant in
a herbarium. It looks upon it in situ, and as a part of nature.
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Terminal Fructification in the Simple Plant. 25

It does not exhaust itself in producing ovules in the flower to
represent spongioles in the root. It recognises the nutritive
particles around the root as already belonging to the plant ;
and, as a representation and repetition of these particles, it calls
for the pollen around the ovules. Or, stating its function more
generally, it recognises the fact, that the matter in most im-
mediate relation with the plant at its lowest part is in a dis-
crete or disintegrated state, and it makes it to be the function
of the highest part of the plant, in like manner, to produce dis-
crete particles also.

Hence, also, the reason why the parts in most immediate
connection with the dust-producing receptacles of the plant,
the filaments terminated by the anthers, are usually filamen-
tary in form. Both the filaments and the funiculi repeat and
represent branchlets and rootlets.

But if this be the true morphology of the ovules and the
pollen, if they be the product of a morphological law which
has been affirmed to be co-extensive with the cosmos itself,
and, under God, the cosmotectonic law, ought not similar phe-
nomena to be found in a wider sphere than that of flowering
plants merely ? ought not traces at least of analogous facts to
be found throughout the whole vegetable kingdom 1 The legi-
timacy of this question cannot be denied ; and reason looks
for an answer in the affirmative. Nor do we look in vain. We
find, in fact, that the production of discrete particles, particles
possessing a distinct individuality, is a function, and that the
last and highest, of all the vegetable tribes which constitute
the vegetable kingdom. Only, as these tribes become more
simple in their organisation and are more imperfectly devel-
oped, we find, as we should expect, that the two, pollen and
ovules, are represented by one sort of discrete particles, pos-
sessing in itself more or less the virtue of both. Nay, we find
that such particles are produced in such quantities, even very
low down in the vegetable scale, as still to render the term dust
applicable to them. Thus, let a bed of mould-plant, for in-
stance, the growth of a few days on the surface of a saucer
of stale paste, be agitated, and forthwith, like the yew-tree of
a thousand years, it is wrapt in a cloud of dust formed by
itself, and that as its highest vital function. And, not to re-

TRANS. BOT. SOC., VOL. VII.
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26 Dr Macvicar on the Theory of

fer to the puff-ball and other fungi, look to the unchanging
lichen, which seems the accomplice of the rock it grows upon.
Its stony crust is covered with dust; and with dust also its
apothecia are well stored. That similar dust is also produced
abundantly in special receptacles by ferns and mosses, is too
well known to require to be stated. And, in fine, all the
simple growths of water also, all algae, produce discrete par-
ticles, spores and sporangia, in abundance. Sometimes, in-
deed, they consist of them almost entirely.

But here it may be said, with seeming cogency, that our ar-
gument goes too far. With regard to the lichen-crust, or the
moss-tuft growing on the arid nick, or the green stratum
covering the wet stone, it may be said that there are no dis-
crete nutritious particles, no mould among their roots, which
the dust they produce can repeat and represent. Now, let
that be granted. The difficulty only evolves the riches of the
law of symmetry, and presents to us a new beauty in the
economy of nature. It leads us to regard these rock-plants
as rooted in the air, which, inasmuch as it consists, as well
as the earth, of discrete particles, some of them nutritious,
calls for discrete particles as a product of those parts of air-
plants in most immediate relations with their other pole, that
is, those parts by which they adhere to the rock and hold their
place in nature. Accordingly, it is to be expected that, by
invoking the aid of the weather, these plants too shall develop
discrete particles in the rock around them, that is, they shall
disintegrate the rock they grow upon and produce soil, so that,
instead of contradicting the law of assimilation and symmetry,
and in virtue of the inverted position, as it were, in which they
grow, they should beautifully provide a bed in which plants of
a higher order may grow—plants which are more efficient than
they for restoring the purity of the atmosphere, while at the
same time they afford more sustenance to the animals which
impair that purity. Now, that lichens and mosses do accomplish
a disintegrating effect upon rocks, and produce soil fit for the
growth of better plants, has long been well known, and the
beneficent effects of such disintegration in the economy of the
world has often been pointed out. But, hitherto, in attempt-
ing to account for it, no more has been possible than to regard
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Terminal Fructification in the Simple Plant. 27

it as a felicitous accident in nature, or as a special benevolent
institution of the Creator standing by itself, and wrought out
otherwise than by law, and therefore, though expressive of the
Divine goodness, yet silent as to His wisdom. For wisdom
demands that everything which is to be done permanently
as part in a system or economy, should be done by law, or
according to law. There are some minds indeed who, as soon
as they are brought to see that anything comes to pass ac-
cording to law, forget, or even exclude, the idea of 'benevo-
lent design, while yet the fact plainly proclaims benevolence
as loudly as ever ; for it is itself unchanged in its effects, and
is assuredly as good as ever. When referred to law, they sup-
pose the phenomenon to be adequately accounted for. This
done, they care for nothing more, and they will often hear of
nothing more. But benevolence manifesting itself in law—
goodness operating by law—is plainly the highest and best,
the most trustworthy and divine, of all conceivable modes of
benevolence. And when we have a general law, which in its
abstract statement is purely a law of form or development of
stability or periodicity, without any reference to sensibility in
it at all, and which is in fact perfectly inexorable, yet which
is at the same time such, that wherever it rules it proclaims
and establishes order and beauty, utility and enjoyment, we
have in such a law all that we can conceive as most excellent
and most suitable to the Divine procedure in creation. We
see Supreme Intelligence, by one all-embracing glance followed
by one act of volition, concerting by one thought thousands
upon thousands of benevolent designs, and by one touch pro-
viding for the realisation of them all.

But to return to the pollen and the ovules of flowering plants,
which led us to this pleasing digression, it follows from our
theory, that when viewed simply as a production of vegetable
nature, pollen, as well as ovules, belong to the same general
category as the spores of the cryptogamia ; and both are, as it
were, at once defective and over-developed one-sided spores.
And hence we are led to expect that pollen is an organism, such
that, when deposited in an appropriate medium, it is capable of
some sort of development. Nor does nature disappoint that
expectation. It is now well known that the pollen, when placed
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28 Dr Macvicar on the Theory of

in its appropriate bed, that is, on the stigma of the flower, and
sometimes while still in its own lodge, or on the nectary or its
neighbourhood, speedily enlarges and gives issue to a fungoid
filament, which, when in a normal position, descends till it
enters the micropyle of the ovule, and is received into its
nucleus. Whether the pollen, considered as an independent
organism, be capable of forming spores, which shall, in their
turn, develop in the proper conditions of existence into fungi, is
a question of a specific nature, which can only be determined
by observation. And it certainly is worth inquiry, whether
in this way many fungoid bodies, attaching to vegetable nature,
and rising out of it, may not be accounted for

It is certain, however, that while the pollen partakes so far
of the nature of a spore, it differs essentially from it. It is
only in reference to the external parts that a similarity can be
maintained. The contents of pollen grains and spores are ma-
terially different. And in the pollen, besides those globules of
oil and grains of starch which are to be found, our theory leads
us to believe in at least one element in each grain, which shall
resume or represent, or, according to the conception of Leib-
nitz, mirror, the aerial pole of the plant, the leaves and flower
that produced it, with power, when supplied with adequate
nutrition and the other conditions of growth, to develop into
and to reproduce those leaves that flower. In the ovule,
similarly, our theory leads us to believe, that as it is the
last product of the root and axial part of the plant, so will
there be produced in the ovule at least one individualized body
mirroring the root and axis, and tending under growth to
develop into root and axis. And thus our theory identifies
itself so far with the current doctrine of sperm-cell and germ-
cell ; but with this further specification, that it regards the
sperm-cell as the depository of the aerial organs of the plant,
the germ-cell as that of the terrene organs and axis, yet with
that interchange and harmony of features which must arise
from an unification of both, and from their mutual influence
upon each other, and all over ; for inasmuch as those two ele-
ments from pollen and ovule are dissimilar and minute, and
most probably purely molecular, they must, when they meet in
the same field, unite together under the grand constitutive law
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Terminal Fructification in the Simple Plant. 29

of molecular action, and constitute a third body with new pro-
perties. Still, though thus united, they must, like every binary
combination of dissimilar elements, form an axis whose poles
are dissimilar. The axis must therefore possess active polarity,
each pole aiming at the assimilation of the other to itself as
best it can. And therefore, so long as such assimilation is post-
poned, growth and development will be insisted upon, provided
nourishment be supplied. But such an axis as we have
thus reached, consisting of two parts, one representing the
aerial, and the other the terrene part of a plant, bent upon
growth and development, and each influencing the other so as
to maintain specific unity and individuality, answers to the
conception of an embryo. How often our united elements,
our elementary axis, may have to repeat itself, and how much
to grow, before it become visible, even as germ-cell in unison
with sperm-cell, not to speak of radicle, plumule, or cotyledon,
I am altogether unable to conjecture. Animalcules, if they
have good eyes, and their distance of distinct vision be less
than ours in proportion as their size is less, may possibly see
an embryo in its first elements ; but to us, with all possible
aid from every possible microscope, it must remain for ever
" longe invisibilis."

And here we may remark, ere we close, that our morpholo-
gical doctrine explains the institution of sex. Thus, supposing
the higher order of organisms to throw off, as their most highly
elaborated or reproductive forms, nothing but perfect cells of
the same kind, either all sperm-cells or all germ-cells, or any
other kind of cells, if they were all perfect and similar to each
other, in that case, no development could ensue. For all nor-
mal development is evermore a movement from a lower to a
higher order of form, while a perfect cell or hollow sphere, homo-
geneous everywhere, is already in possession of the most per-
fect form. It has attained the form of repose. No normal de-
velopment of it is possible. A form may, indeed, be truly sphe-
rical externally, and yet be capable of development, provided it
have a living interior, in which there are eyes or eddies, or con-
tents of any kind, which are not themselves cells complete all
round, and concentric with the outer cell ; and such I conceive
to be the structure of spores, &c. But before perfect cells, de-
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30 Dr Cleghorn on Tea Culture in Southern India.

signed to represent and reproduce a compound organism, can
be enabled really to do so, they must be elaborated and thrown
off by that organism in sets, amounting at least to a couple, the
two members of which are in some important features dissimilar
to each other. Given such cells in couples, and presented to
each other so that they may unite (and being dissimilar, and
yet nearly related, they cannot but tend to unite), and then
food being supplied, there may be development similar and
equal to that of the parent or parents.

II. Tea Culture in Southern India. By Dr °LEGHORN,

Madras.

The author remarked—" I have collected from my journal
a few notes, made during my tours, upon the tea plants seen
in different districts of the Presidency of Madras. The
following are the localities :-1. Shevaroy Hills (4000 feet).
There are several well grown trees at Yercand, introduced
by G. Fischer, Esq. ; these have not been picked or pruned,
and have been left to- nature, but are growing vigorously.
2. Coorg (4500 feet, rain-fall 120 inches, mean temperature,
68'). A case of plants was brought from China by Colonel
(Lieutenant-General) Dyce in 1843 ; those at Mercara ap-
pear to me over luxuriant, producing a rapid growth of
leaves, and not bearing seed with regularity. 3. Nundid-
roog (4800 feet). A number of plants have lately been sent
to this hill sanatarium ; they were beginning to droop in
the LA1 Bigh Garden, Bangalore, but there is hope of their
thriving in their new location. The mean temperature of
Bangalore is 75°, and the average rain-fall 35 inches. The
climate being too dry and too hot, the plants necessarily
become dwarfed. 4. Bababuden Hills (5600 feet, rain-fall
and mean temperature not known). Four plants from Ge-
neral Dyce's stock were received from Mercara in 1847 ;
these grew well without care. A packet of fresh China
seeds was sent last year. Colonel Porter, superintendent of
Nuggur, raised twenty-three plants above Glifit, near the
Sircar bungalow, and a number of seedlings have been
planted out about 1000 feet lower, by Mr Denton, coffee
planter. 5. Nilgiri Kunur (6000 feet, rain-fall
55 inches). A full report of Captain Mann's plantation is
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